Introduction
Rheumatoid arthritis (RA) is a chronic inflammatory disease that occurs in 0.2-1% of the world population. 1 Its prevalence in first degree relatives of RA patients is of 2-4%, characterizing them as a risk group for RA. [2] [3] [4] [5] In this context, investigation of serological markers in healthy relatives may be of value to identify earlier cases of RA 6, 7 and to understand the pathophysiologic mechanisms underlying the disease process. Rheumatoid factor (RF) is a classical serological marker used for RA diagnosis, with IgM-RF being the most common isoform. In contrast, IgA-RF has been associated with erosive arthritis and seems to be a better indicator of disease severity than IgM-RF or IgG-RF. 8, 9 Antibodies against citrullinated peptides (ACPAs), such as anti-cyclic citrullinated peptide (anti-CCP) and anti-mutated citrullinated vimentin (anti-MCV) are considered highly specific markers for RA. 10 Anti-CCP has both diagnostic and prognostic value and can be detected before clinical manifestations of the disease. 11 Recently, anti-MCV has also been proposed as a diagnostic marker for early arthritis, with the same specificity but higher sensitivity of anti-CCP. 12 In addition, anti-MCV has been detected in healthy relatives of RA patients 13 suggesting it as a novel prognostic marker for RA.
Positivity for more than one RA serological marker in the same patient may indicate worse prognosis or, in the case of relatives, early disease onset. 14, 15 In fact, positivity for more than one autoantibody has been reported among unaffected relatives of RA patients, especially in families with multiple cases. 16, 17 To date, there are no reports considering the simultaneity of these biomarkers in RA patients and their relatives in the Brazilian population. Thus, in the present work we investigated the frequency of anti-CCP, anti-MCV, IgA-RF and IgM-RF in RA patients and their relatives, and tried to identify possible associations between the simultaneity of these biomarkers and clinical findings or diagnosis of RA.
Methods
This was a transversal and analytical study approved by the local Ethics Committee in Research. Informed consent was obtained from all subjects.
Subjects
Two-hundred and ten adult RA patients meeting the ACR classification criteria 18 from a single tertiary center were Table 1 . A total of 198 relatives were investigated (61.1% female, 38.9% male; mean age 36.8 years; range 7-91 years, 94% first-degree), representing altogether 78 families (2.54 relatives/family). Additionally, sera from 92 healthy volunteers from the same geographical area, matched for gender and age with patients, were used as controls (82.6% female, 17.4% male; mean age 45.8 years; range 23-81 years). None of controls had familial RA cases.
Autoantibodies evaluation
Anti-CCP and IgA-RF were assessed by enzyme-linked immunosorbent assay (ELISA) from INOVA Diagnostics (San Diego, USA). Anti-MCV was determined using the ORGEN-TEC Diagnostika ELISA kit (Mainz, Germany). IgM-RF was measured using latex agglutination test (BioSystems S.A., Barcelona, Spain). Cut-off values were established according to the manufacturer's specifications.
Data collection
Demographic and clinical data from patients and relatives were obtained through medical record review and individual standard questionnaires applied by a rheumatologist at the time of enrollment (Tables 1 and 2 ). In RA patients the following extra articular manifestations (EAM) were taken into account: rheumatoid nodules, serositis, pericarditis, valvular disease, vasculitis, lung fibrosis, pneumonitis, Felty's syndrome and secondary Sjögren syndrome. Steinbrocker functional classification was applied in order to access the extent of physical disability in RA patients. Diagnosis of secondary Sjogren's syndrome followed the American European criteria. 19 Clinical follow-up of the positive relatives has been carried out for the median time of 7 years (range 2-8; IQR = 6-7 years). 
Statistical analyses
Statistical analyses were performed using GraphPad Prism 4.0 (GraphPad Software Inc., La Jolla, USA) and Statistic 5.5 (StatSoft Inc., Tulsa, USA). Comparisons between autoantibodies levels were done applying nonparametric Kruskal-Wallis or Mann-Whitney tests. Chi-square and Fisher's exact tests were applied for the analyses of the positivity between groups. Spearman's test was used for correlation analysis. The significance level was set at 0.05.
Results

Prevalence of biomarkers in RA patients, relatives and controls
The prevalence of each biomarker in RA patients, their relatives and controls can be seen on Fig. 1 , where it can be noted that the most prevalent biomarker in RA patients is anti CCP and the most common in relatives was IgA RF. The median titer of each biomarker was studied in the 3 groups and results are showed in Fig. 2 where it is possible to see that relatives had an intermediate value between patients and controls.
In RA patients a significant correlation was observed among the titers of the four investigated biomarkers, but the correlation between anti-MCV and anti-CCP (r = 0.73), and IgM-RF and IgA-RF (r = 0.71) were both stronger compared to other associations (anti-MCV/IgM-RF, r = 0.38; anti-MCV/ IgA-RF, r = 0.41; IgM-RF/anti-CCP, r = 0.46; IgA-RF/anti-CCP, r = 0.47).
The presence of the four biomarkers simultaneously positive in the RA group occurred in 46.2% while in the relatives it was found in 2% and in none of controls. Table 2 shows demographic and clinical data of RA patients and their association with the number of positive biomarkers. EAM were detected in 34.8% (69/198) of the patients. Patients that were negative for all biomarkers had a lower frequency of EAM (5.8% vs. 17.8%, p = 0.01; OR = 3.25; 95% CI = 1. 16-10.66 ). An increase in the concomitant positivity for 3 biomarkers was observed in patients with EAM compared to patients without it (Table 3 ). In the one by one analysis of the different EAM, only the p value for secondary Sjö-gren syndrome remained significant (p = 0.01; OR = 2.73; 95% CI = 1.24-6.08). Table 4 shows association between demographic, clinical and serological data and biomarkers positivity in relatives. Among the relatives 11.7% (22/197) had arthralgia, and a significant frequency of arthralgia was observed in positive relatives, regardless of the type of biomarker. Each biomarker presented significant association with the others autoantibodies tested (Table 4) .
Association between biomarkers and clinical findings in RA patients and relatives
Follow-up of positive relatives
The relatives were followed prospectively for a median time of 7 years (range 2-8; IQR = 6-7 years) with biannual evaluations. At moment, three positive relatives (two women and one man, mean age 43.3 years) had the diagnosis for RA confirmed; all of them with high biomarker titers. Among those relatives, one was positive for all 4 biomarkers and his sibling (with RA) had high titers of anti-CCP. In addition, seven unaffected relatives with high autoantibody titers and some symptoms of the disease are being followed. Two of them are positive for 4 biomarkers concomitantly, two for 2 biomarkers and three for one biomarker. None of the other positive relatives for tested biomarkers had diagnosis criterions for RA.
No RA cases were detected among relatives negatives for autoantibodies.
Discussion
This is a pioneer study in which four serological biomarkers were evaluated concomitantly in patients with RA and their relatives in a Southern Brazilian population. Previous studies have showed an increased positivity for autoantibodies in unaffected family members when compared to healthy control subjects 5, 17, 20, 21 and the present results corroborate these findings.
Although IgA-RF specificity for RA is not as high as anti-CCP, IgA-RF can be detected several years before the symptoms of the disease, suggesting a primary role of IgA-RF in the pathogenesis of RA. 14 This is a very interesting observation since in the present study IgA-RF was the biomarker with higher positivity among relatives. In addition, several relatives were positive for RF and anti-MCV, but the three relatives that had confirmed RA were all positive for anti-CCP, reinforcing the high specificity (99%) and positive predictive value (99%) for this autoantibody. Supporting this observation, anti-CCP was the only biomarker with no significantly different titers when patients and relatives were compared ( Fig. 2A) .
Regarding the number of positive biomarkers, a previous study 22 showed that most RA patients were positive for the 4 biomarkers simultaneously while relatives usually had just one antibody, as confirmed in this study. One explanation for this outcome may be the epitope spreading phenomenon that causes increasing antibody levels just prior to the flare of clinical disease. 23 Some studies have suggested that anti-MCV has a comparable value to anti-CCP for RA diagnosis, with even higher sensitivity. 24, 25 This was not the case in the present study when the prevalence, sensitivity and specificity of anti-MCV were lower than those of anti-CCP.
A strong correlation between RA biomarkers has been previously disclosed. Poulsom and Charles 26 showed a good correlation between anti-MCV and anti-CCP and between anti-MCV and IgM-RF, but not between anti-CCP and IgM-RF. We found significant correlation between all markers, especially between anti CCP and anti MCV and between RF IgA and IgM. This pattern was previously described in first RA degree relatives 27 and may be associated with the presence of common epitopes.
Our casuistic presented a high prevalence of EAMs (34.8%) that may be explained by genetic and environmental factors that influence the immune reactions leading to their development. 28 We observed positivity for a higher number of biomarkers among patients with EAMs, in special secondary SS.
The present results for relatives of RA patients demonstrated that serological screening is feasible and useful tool for the screening of those individuals at risk, as emphasized by other authors. 17, 21, 22 The high prevalence of arthralgia in relatives positive to any of the four biomarkers highlights this hypothesis, since some of these relatives (three) have already evolved to full blown RA. All the relatives who developed RA presented high biomarkers titers; one was positive for all four biomarkers and had one extra sibling positive for anti-CCP. Among the other two, one was positive for both anti-CCP and IgM-RF, while the other was only positive for anti-CCP. The majority of relatives with autoantibodies who did not develop the disease so far were positive for just one biomarker. However this does not rule out the great risk for them to develop the disease. It is possible that they may posteriorly seroconvert to two, three or even more biomarkers as shown in the patients with established RA.
Finally, the number of biomarkers was higher in RA patients with EAMs but it was not linked to duration of the disease and/or the functional class. On the other hand, seronegative patients presented less EAMs. High frequency of arthralgia was observed in positive relatives, regardless of the biomarker type. Future studies may highlight the fascinating link between the presence of distinct biomarkers and the pathophysiologic mechanisms of AR.
